Introduction
Nitrogen (N) is one of the most important nutrients affecting the growth, development, yield, and fruit quality of plants (Fernandes and Rossiello, 1995; Gerendás et al., 1997) . It is required in the greatest quantities at each stage of plant growth during which N level markedly affects the amount of Rubisco content, and therefore photosynthesis (Evans and Terashima, 1988; Evans, 1989) . In addition to the amount supplied, the form of N available has significant effects on the growth and photosynthesis of plants (Cramer and Lewis, 1993) , and preference for the N sources nitrate ( varies between plant species (Baker and Mills, 1980) . For example, to 4 NH + nutrition (Bloom et al., 1989; Kafkafi, 1990; Cramer and Lewis, 1993; Claussen and Lenz, 1995; Roosta and Schjoerring, 2007 (Geiger et al., 1999; Guo et al., 2002; Lopes et al., 2004; Lopes and Araus, 2006 (Geiger et al., 1999; Guo et al., 2002) . N form also has different effects on the Calvin cycle activity, indicated by the Rubisco content or capacities of Rubisco carboxylation and ribulose-1,5-bisphosphate regeneration. Raab and Terry (1994; showed that the leaf Rubisco content in 4 NH + -grown sugar beet plants was significantly higher than that in 3 NO − -grown plants, which was similar to those found in tobacco plants by TerceLaforgue et al. (2004 (Osmond and Grace, 1995; Demmig Adams and Adams, 1996; Zhou et al., 2004; Kanervo et al., 2005; Brück and Guo, 2006; Wang et al., 2008 H 2 MoO 4 . The nutrient solution was changed once a week, and its pH was adjusted with 1 mol/L HCl to 6.5 for cucumber plants and 5.5 for rice plants. The environmental conditions in the greenhouse were as follows: a 12-h photoperiod, temperatures of 28/22 °C (day/night), and an average photosynthetic photon flux density (PPFD) of 500 µmol/(m 2 ·s).
The treatments, which differed only in the source of N, were imposed at the three-to four-leaf stages for cucumber and at the four-leaf stage for rice. Two N treatments at constant N concentrations were administered: 6.0 mmol/L N as 3 NO − only or as 4 NH + only for cucumber and rice plants, respectively. The solutions were renewed every two days to minimize variations in pH and nutrient concentrations. Seven days after the treatments were started, gas exchange and chlorophyll (Chl) a fluorescence analyses were carried out. The roots and shoots of cucumber and rice plants were then harvested and oven-dried at 80 °C for three days for the determination of the dry weight of plants. Meanwhile, the leaves were also sampled, snap frozen in liquid nitrogen, and stored at −86 °C until their use for the analysis of 3 NO − reductase activity. Each treatment had 18 plants with four replicates.
Gas exchange and Chl a fluorescence measurements
Gas exchange and Chl a fluorescence were determined simultaneously on the 2nd leaf with an LI-6400 portable open gas exchange system equipped with an LI-6400 leaf chamber Chl fluorometer attachment (Li-Cor, Lincoln, NE, USA). Leaf net photosynthesis rate (P n ), stomatal conductance (g s ), intercellular CO 2 concentration (c i ), and transpiration rate (T r ) were measured at 25 °C with PPFD of 500 µmol/(m 2 ·s) and CO 2 concentration of 360 μmol/mol. 
Electron transport analyses
The total electron flux in PSII (J PSII ) was measured according to the methods of Miyake and Yokota (2000) , and can be calculated as: J PSII =Ф PSII ×α×PPFD, where α is the product of the absorbance coefficient and ratio of allocation of excitation energy to PSII. As Miyake and Yokota (2000) suggest, J PSII can be divided into four components, which can be determined by measuring P n and chlorophyll parameters under both 21% and 2% O 2 conditions. The four components are electron flux for photosynthetic carbon reduction (J c ), electron flux for photo-respiratory carbon oxidation (J o ), O 2 -dependent alternative electron flux [J a (O 2 -dependent)], and O 2 -independent alternative electron flux [J a (O 2 -independent)].
Nitrate reductase (NR) activity estimation
The activity of NR in the leaves was measured according to Li et al. (2006) 
Statistical analysis
All the measurements were repeated at least four times from different individual plants. Data were statistically analyzed using analysis of variance (ANOVA), and tested for significant treatment differences using the Duncan's multiple range test at P<0.05 with Origin 7.5 Software (OriginLab, Northampton, MA, USA). (Table 1 ). In contrast, the N form had little effect on rice plant growth, and there were no significant differences in shoot, root, and total plant biomass accumulations 7 d after the treatment.
Results

Effect of N form on plant biomass
Effect of N form on gas exchange
Gas exchange analysis showed that the N form had significant effects on gas exchange in cucumber plants, but not in rice plants. As shown in Fig. 1 grown plants. However, the N form had a minor effect on rice plants, since the changes in these parameters were almost independent of the N form supplied.
Effect of N form on Chl a fluorescence
The changes in F v /F m , Ф PSII , q P , and v m / F F ′ ′ as influenced by N form in cucumber and rice leaves are shown in Fig. 2 suggested that the decline of Ф PSII in cucumber plants was due to declines of q P alone, with no contribution from v m / F F ′ ′ . In sharp contrast, there was no significant effect of the N form on the Chl a fluorescence parameters Ф PSII , q P , and v m / F F ′ ′ in rice. 
Effect of N form on allocation of electron flux in PSII
Effect of N form on NR activity
Although cucumber and rice plants received the same N level, the leaves of rice plants exhibited higher NR activity when grown with either N form. Meanwhile, NR activity was consistently higher in leaves of the 3 NO − -grown plants compared to those of 4 NH + -grown plants (Fig. 3) . Interestingly, NR activity was near zero in leaves of 4 NH + -grown cucumber 
Discussion
Our results provide clear evidence of significant species variation in the susceptibility of plant growth to the N form supplied. In this study, a greater dry mass of shoot, root, and total plant was observed in cucumber under growth conditions using Photosynthesis is one of the primary processes responsible for plant growth, and photosynthetic metabolism will be finely regulated to adapt growth under different N source conditions (Claussen and Lenz, 1995; Brück and Guo, 2006) . In fact, significant effects of the N form on photosynthesis were found in cucumber plants. As shown in Fig. 1 (Guo et al., 2002) and tobacco (Lu et al., 2005) . However, the N source had no significant effect on the photosynthesis parameters in rice plants in other studies (Guo et al., 2008; Li et al., 2009 ). Similar to the changes observed with gas exchange analysis, a higher Ф PSII value was found in cucumber plants grown with the (Bloom et al., 1989; de la Torre et al., 1991) . It is worthwhile to note that cucumber plants experienced photo-inhibition when they were grown with 4 NH + as the N source, as has been observed in the 4 NH + -grown French bean plants (Zhu et al., 2000) .
Several studies have found that 4 NH + -sensitive plant species exhibit increased photo-respiration to protect the plants from the effects of photodamage (Zhu et al., 2000) . However, our study showed that photorespiration (i.e., J o ) was independent of the N source, suggesting that other photo-protection mechanisms are involved in 4 NH + -sensitive plants.
It has been well established that excess NADPH Values are expressed as mean±SD (n=4). Significant differences (P<0.05) between treatments within the same species are indicated by different letters in the light reaction, which is not completely used during CO 2 assimilation, is either exported from the chloroplasts or consumed by the reductant sinks (e.g., leaf 3 NO − assimilation or water-water cycle) (Brück and Guo, 2006) . Previous studies have indicated that a substantial portion of photosynthesis or respiration electron transport generates reducing equivalents for 3 NO − reduction rather than for carbon fixation (Bloom et al., 1989; Noctor and Foyer, 1998; Lewis et al., 2000) , and thus, 3 NO − reduction may represent a considerable reductant sink (Brück and Guo, 2006 (2000), we divided the total J PSII into J c , J o , J a (O 2 -dependent), and J a (O 2 -independent). In this model, J a (O 2 -dependent) and J a (O 2 -independent) were most driven by the water-water cycle and 3 NO − reduction, respectively (Miyake and Yokota, 2000) . J a (O 2 -independent) accounted 5.0% to 7.5% of the total J PSII for plants fed with 
JZUS (A/B/C) latest trends and developments
In 2010, we opened a few active columns on the website http://www.zju.edu.cn/jzus As mentioned in correspondence published in Nature Vol. 467: p.167; p.789; 2010, respectively: JZUS (A/B/C) are international journals with a pool of more than 7600 referees from more than 67 countries (http://www.zju.edu.cn/jzus/reviewer.php). On average, 64.4% of their contributions come from outside Zhejiang University (Hangzhou, China), of which 50% are from more than 46 countries and regions.
